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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention in general relates to communication devices and in particular to 
receivers for communication devices. 

Description of the Related Art 

[0002] Communication receivers (e.g. wireless receivers) are utilized by communication 
devices for obtaining information contained in signals transmitted by other communication 
devices. Some receivers include a timing synchronization circuit for generating a timing 
signal from a received signal. The timing signal provides information regarding the 
beginning of a data portion of a data packet encoded in a received signal. Some wireless 
receivers also include a carrier synchronization circuit for detecting a difference between an 
oscillator frequency of the receiver and an oscillator frequency of a transmitter transmitting 
the signals (carrier frequency error). 

[0003] With some receivers, a timing signal is extracted by searching for the peak 
magnitude of a correlation signal of the received signal with a known pattern. In the WLAN 
802.1 lb communication protocol as set forth by the EEEE, a synchronization portion of a data 
packet is encoded with a sequence of Barker symbols having a certain polarization pattern. A 
receiver may use a Barker de-spreader to generate a Barker de-spread signal (a correlated 
signal) by correlating the received signal with a standard Barker symbol. The Barker de- 
spread signal ideally should exhibit a sequence of pulses witfi a certain polarization pattern 
and spaced apart by the time period of a Barker symbol (Barker symbol interval). The 
positions of the pulses of the Barker de-spread signal are used to establish a symbol boundary 
(e.g. Barker symbol boundary). After the symbol boundary is establish, phase errors between 
pulses are calculated, processed, and averaged to estimate phase error caused by the carrier 
frequency error. This phase error is used to calculate the frequency error, which is used to 
correct carrier error for the received signal. 
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[0004] The magnitude of the Barker de-spread signal is a sequence of pulses with same 
polarization and is periodic with a known period of the Barker symbol interval. Ideally, the 
de-spread signal should have a signal peal within each symbol interval. In a conventional 
approach, the magnitude signal of the Barker de-spread signal is truncated into segments, 
each with a length of a Barker symbol interval. These segments are averaged and a peak of 
the average is used to generate timing information indicative of a Barker symbol boundary. 
However, in a noisy, and especially harsh, channel environment, each pulse in the Barker de- 
spread signal may exhibit multiple peaks due to multi-path interference. Accordingly, the 
above approach for generating a timing signal in such an environment may be difficult. 

[0005] Furthermore, with the above approach, timing information is first extracted from a 
Barker de-spread signal prior to determining carrier frequency error. Such a system reduces 
the time available for carrier error detection, thus reducing the performance of detecting the 
timing information and carrier error. 

[0006] What is needed is improved timing and carrier error synchronization for a 
communication receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

[0008] Figure 1 is a block diagram of one embodiment of two communication devices 
according to the present invention. 

[0009] Figure 2 is a block diagram of one embodiment of a timing and carrier error 
detector according to the present invention. 

[0010] Figure 3 is a more detailed block diagram of the timing and carrier error detector 
of Figure 2. 

[0011] Figure 4 sets forth examples of an input signal to a Barker de-spreader, a standard 
Barker symbol, and an output signal of a Barker de-spreader according to one embodiment of 
the present invention. 
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[0012] Figure 5 sets forth an example of a graphical mapping of a phase angle signal. 

[0013] Figure 6 sets forth an example of a phase error signal according to one 
embodiment of the present invention. 

[0014] Figure 7 sets forth a graph showing one embodiment of phase error signal values 
for a sample position according to the present invention. 

[0015] Figure 8 sets forth a graph showing one embodiment of phase error signal values 
for another sample position according to the present invention. 

[0016] Figure 9 is a block diagram of another embodiment of a timing and carrier detector 
according to the present invention. 

[0017] The use of the same reference symbols in different drawings indicates identical 
items unless otherwise noted. 

DETAILED DESCRIPTION 

[0018] The following sets forth a detailed description of a mode for carrying out the 
invention. The description is intended to be illustrative of the invention and should not be 
taken to be limiting. 

[0019] Figure 1 shows one example of two communication devices for providing a 
wireless network. Wireless network 101 includes communication device 103 and 
communication device 141. In one embodiment, communication devices 103 and 141 
communicate with each other as per the wireless local area network (WLAN) 802.1 1 
protocol. Other wireless networks may utilize other protocols in other embodiments. In one 
embodiment, communication device 103 is a cellular phone and device 141 is an access point 
141. However, in other embodiments, communications devices 103 and 141 may be any one 
of a wireless communication card or a wireless router. 

[0020] Communication device 103 includes a transmitter 105 and a transmitter controller 
109 for encoding and transmitting data (e.g. voice and application data) received from device 
processor 133 to be transmitted over antennae 102. 
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[0021] Communication device 103 also includes a receiver 1 1 1 for decoding data from a 
wireless signal received via antennae 102. In the embodiment shown, receiver 1 1 1 includes a 
mixer 1 17 for down converting the signal received via antennae 102 by a frequency provided 
by oscillator 1 19. The down converted signal is then filtered by low pass filter 121 and then 
converted from analog to digital form by analog to digital (A/D) converter 123. Receiver 111 
may include, in some embodiments, an automatic gain controller (not shown) or other 
receiver modules (not shown). 

[0022] Receiver 111 includes a timing and carrier error detector 127. Detector 127 
extracts a timing signal from a packet signal received and provides that signal to timing and 
error correction module 125. In the embodiment shown, the timing signal provides an 
indication of the beginning of the data portion of a data packet in a received signal. Detector 
127 also provides a carrier error signal which is used by the timing and carrier correction 
module 125 for correcting errors in the received signal due to the difference in frequency of 
the transmitting oscillator (e.g. 151) of a communication device (e.g. 141) that transmitted the 
signals being processed by receiver 111 from the receiver oscillator 119. Timing and carrier 
error detection and correction may be referred to as synchronization of a receiver. Detector 
127 operates on the synchronization portion of each received data packet. 

[0023] Timing and carrier correction module 125 provides a corrected signal to a data 
recovery module 129 wherein the data of the signal is extracted and provided to a media 
access controller 131. The media access controller interfaces with device processor 133 to 
provide the extracted data to device processor 133. 

[0024] In one embodiment, the modules of receiver 1 1 1 are implemented in at least one 
integrated circuit, although in some embodiments, each module of receiver 1 1 1 may be 
implemented with a different component. In some embodiments, at least some portions of 
receiver 111 may be implemented by a processor executing software. In other embodiments, 
communications device 103 may have other configurations including a receiver (e.g. Ill) 
with other configurations. 

[0025] Communication device 141 includes a receiver 143 for decoding data received via 
antennae 147 from wireless signals transmitted by other communication devices of network 
101. Communication device 141 also includes a transmitter 145 for transmitting signals to 
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other communication devices of network 101. Transmitter 145 includes a mixer 153 and an 
oscillator 151 for providing the transmission frequency to mixer 153. 

[0026] Figure 2 is a block diagram of one embodiment of a timing and carrier error 
detector 127 according to the present invention. Detector 127 includes a Barker de-spreader 
203 that receives a signal X(m) from AID converter 123 and provides a Barker de-spread 
signal (BD(m)) at its output. A Barker de-spreader is a correlator that provides a correlated 
signal of the input signal with a known Barker symbol. In other embodiments, other types of 
correlators may be implemented. 

[0027] Figure 4 sets forth a representation of an input signal with an encoded 
synchronization pattern applied to a Barker de-spreader. Graph 403 shows a representation of 
an input signal (X(m)) having 4 Barker symbols (identified by BARKER 1, BARKER 2, 
etc.). Each Barker symbol is transmitted in a Barker symbol interval that has a length of one 
symbol period (T) between Barker symbol boundaries. For example, the first Barker symbol 
(BARKER 1) is transmitted in symbol interval 409 that has a length of T. For simplicity of 
illustration, each Barker symbol of graph 403 includes five chips that have either a positive 
value (e.g. chip 415) or a negative value (e.g. chip 417). However, in actuality a Barker 
symbol has eleven chips. The BARKER 2 symbol has a second polarity from the BARKER 1 
symbol in that the polarization of the chips of the BARKER 2 symbol is different from the 
polarization of the chips of the BARKER 1 symbol. Although the signal shown in graph 403 
includes discrete chips, signals received over a wireless channel may not appear in such a 
discrete form as that shown in graph 403 due to e.g. the use of low pass filters in the 
transmitter to reduce bandwidth. 

[0028] Barker de-spreader 203 correlates the signal (X(m)) with a standard Barker symbol 
to provide a Barker de-spread signal BD(m). A representation of a standard Barker symbol is 
shown in graph 405 and a BD(m) signal corresponding to the input signal of graph 403 is set 
forth in graph 407. The BD(m) signal has a large magnitude of a first polarity when the 
received signal (X(m)) matches the standard signal in time (as at the center of a Barker 
symbol having a first polarity (e.g. BARKER 1)). The BD(m) signal has a large magnitude of 
a second polarity at the center of a Barker symbol having a second polarity (e.g. BARKER 2). 
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[0029] Detector 127 utilizes phase information of the Barker de-spreader signal to 
generate a timing signal and carrier error signal. Referring back to Figure 2, angle 
computation module 205 extracts from the output of de-spreader 203 (BD(m)) a phase angle 
signal 9 B D(ni). In one embodiment, module 205 determines the angle utilizing a look up 
table. In another embodiment, module 205 includes a coordinate rotation digital computer 
(CORDIC) circuit for calculating the phase angle from the de-spread signal. 

[0030] Referring to Figure 5, signal BD(m) can be represent by its real (I BD (m)) and 
imaginary ((Q BD (m)) components. See equation 503 in Figure 5. The phase angle signal 
9bd (m) of BD(m) can be shown as the angle of the vector signal mapped by its real and 
imaginary coordinates. See graph 505. 

[0031] Referring back to Figure 2, angle comparator 207 compares the difference 
between the phase angle signal 0 B d (m) with a sample of the output of module 205 (0 BD (m- 
T)) that is temporally offset by a Barker symbol interval (T). The resultant output of 
comparator 207 is a phase difference signal 9oiF(ni). 

[0032] 9 D iF(ni) is provided to the polarity information remover module 209. Module 209 
adjusts OdiKhi) due to the input signal X(m) being encoded with Barker symbols of certain 
polarization patterns. The output of module 209 is the phase error signal 9 ERR (m). In one 
embodiment, module modifies 9 D iF(ni) to generate 0 E rr (m) according to equation (1) below: 



[0033] *«,(») = 4 if -Kl2<e DlF (n)<Kl2 

\e DIF {n) + 7U, if 0 DIF (n)<-x/2 

[0034] Figure 6 sets forth a graph of one example of 9 E RR(m). The value of 0 E RR(m) 
varies over time between n/2 and -n/2 . The value of 9 E RR(m) at the time of the centers of the 
Barker symbols are approximately the same depending upon the quality of the received 
signal. For example, at TQ (the time at the center of the BARKER 1 symbol), the value 
9 ERR (TCi) is equal to the value 9 ERR (TC 2 ) at TC 2 (the time at the center of the BARKER 2 
symbol). 9 E rr(TCi) is also equal to 9 ERR (TC 3 ) and 9 ERR (TC 4 ) as well. 
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[0035] For times other than at the centers of Barker symbols, the values of 9err(iii) are 
random. 

[0036] The center of a Barker symbol can be determined by sampling the Oerr(iti) at a 
specific number of sample positions (k) per Barker symbol interval (T) over a number of 
Barker symbol intervals, and finding the sample position (k) where the phase error signal 
OerrChi) over the Barker symbol intervals has the smallest variance. For the example of 
Figure 6, a Barker symbol interval is arbitrarily designated by a receiver as starting at sample 
time 621 and ending at sample time 623. Where there are 10 sample positions per symbol 
interval, the center of the Barker symbol is in the 8 th sample position relative to the arbitrary 
designation in that time TC2 occurs eight sample position intervals after sample time 621 (and 
TC3 occurs eight sample position intervals after time 623). Accordingly, in one embodiment, 
the timing signal would be generated to indicate the Barker symbol centers occur eight 
sample position intervals after the designated starting interval times. 

[0037] The variance and average calculation detection module 21 1 utilizes the phase error 
signal to calculate the average phase error and an indication of the variance in the phase error 
signal for each sample position (k) over all of the intervals in which a Barker symbol is 
present. 

[0038] Referring to the example of Figure 6, each Barker symbol interval (T) includes ten 
sample positions (k). Accordingly, for the embodiment of Figure 6, module 211 would 
calculate 10 average phase errors 0 E RRAVE(k) and 10 indications of variances 9 E RRVAR(k). 
In one embodiment, the average phase error e ERR AVE(k) for the 8th sample position would 
be calculated by adding the phase error value 6err(hi) at the 8th sample position of each 
Barker symbol interval (as arbitrarily designated) and then dividing the sum of the phase error 
values at that sample position by the number of Barker symbols intervals. 

[0039] The variance minimum search module 213 selects the sample position (kmin) 
having the smallest variance (9 E RRVAR(k mi n)). In one embodiment, the minimum sample 
position (kmin) information is provided as the timing signal. In one embodiment, the carrier 
error module 215 provides as the carrier error signal, the average phase error (6 E R R AVE(k m in)) 
for the sample position that was determined by module 213 to have the smallest variance. 
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[0040] Figures 7 and 8 each set forth a graph showing the phase error signal values and 
the average phase error (0 ERR AVE(k)) occurring at a sample position over four sample 
intervals. Figure 7 shows a graph for sample position "a" which is very close to the center of 
the Barker symbols. As shown in the graph of Figure 7, the value of the phase error signal 
(OERR(na)) occurring at those sample times of sample position a is very close to the average 
phase error for all four sample times (T ka i, T ka2 , T ka3 , and T ka4 ). Figure 8 shows a graph for 
sample position "b" that is not close to the center of the Barker symbols. Even though the 
average phase errors may be roughly the same for the graphs of Figures 7 and 8 (e.g. 
QERRAVE(a) is approximately equal to 9 ER RAVE(b)), the variance in the phase error signal in 
Figure 8 is greater than the variance in the phase error signal of Figure 7. 

[0041] Referring back to Figure 2, the modules shown in Figure 2 may be implemented in 
hardware, or in some embodiments, at least some of the modules implemented by a processor 
or processors executing code. In one embodiment, the modules of Figure 2 may be 
implemented in a single integrated circuit chip (e.g. an ASIC). However, in other 
embodiments, the modules of Figure 2 may implemented in multiple integrated circuit chips 
or have other configurations. 

[0042] Figure 3 sets forth a more detailed embodiment of the modules of the Timing and 
Carrier Error Detector 127 of Figure 2. For the embodiment of Figure 3, each data packet 
includes 17 Barker symbols occurring at 17 Barker symbol intervals (T) with each Barker 
signal interval including 22 sample positions (k) (as opposed to 10 shown in the example of 
Figure 6). 

[0043] Barker de-spreader 203 includes a shift register 303 that stores values of X(m) 
measured at each sample time corresponding to a sample position interval. The output of 
every odd shift register position is connected to an input of a multiplier (e.g. the output of 
shift register position 21 is connected to the input of multiplier 305). The other inputs of the 
multipliers are "hardwired" to values indicative of the chips of a standard Baker symbol (e.g. 
see graph 405 of Figure 4) at locations corresponding to the odd shift register positions when 
a Barker symbol is centered in shift register 303. The output of the multipliers is summed by 
summer 307 to produce Barker de-spread signal BD(m). 

[0044] Angle calculator 205 generates the phase angle signal 6 B D(ni) from BD(m). 
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[0045] Angle comparator 207 includes a shift register 313 for holding the value of 0 B D(m) 
sampled at the 22 previous sample position intervals. Comparator 207 includes a summer 
315 having one input coupled to receive 9 B D(ni) and another input for providing a negative of 
the value of 9eD(m-T) sampled at one Barker symbol interval earlier (22 sample position 
intervals earlier). 

[0046] The output of summer 315 (6 D iF(ni)) is provided to the polarity information 
remover 209 that adjusts 9 D iF(m) for differences due to the different polarities of the Barker 
symbols. Remover 209 includes a 2-DPSK (differential phase shift keying) recovery module 
323 that, in one embodiment, modifies 9 D iF(m) according to equation (1) above. The output of 
summer 325 is the phase error signal 9£RR(m). 

[0047] 9ERR(m) is provided to variance and average calculation module 211. Module 211 
performs operations for determining for each sample position (k), the sum of phase error 
signal (9ERRSUM(k)) over 16 Barker symbol intervals and an indication of the variance in 
average phase error(9ERRVAR(k)). 

[0048] Equation (2) below sets forth a formula for calculating the variance for each 
sample position (k) over 16 Barker symbol intervals (I). In the embodiment of Figure 3, 
module 211 determines an indication of the variance for each sample position (k) by equation 
(3), which is an approximation of the variance calculated in equation (2). 



(2) 6W^/?(*) = ]r[^ ; 

n=0 1=0 



(3) 0 m VAR(k) = max {\6 ERR (n22 + k)\}-± 



£(9^(7122+ k) 



n=0 



0<n</-\ 

[0049] In the embodiment of Figure 3, detector 127 calculates as an indication of the 
variance and average phase error using data from 17 Barker symbols that provide 9£RR(m) for 
16 Barker symbol intervals used by module 211. The additional Barker symbol interval is 
utilized for phase difference calculations (e.g. by comparator 207). In other embodiments, a 
timing and error carrier detector may utilize a different equation for calculating average phase 
error and an indication of the variance (e.g. see module 911 of Figure 9). 
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[0050] As shown by equation 3 above, 0errVAR(1c) for each sample position (k) is 
determined by finding the maximum of 0ERR(m) for the sample position for any of the Barker 
symbol intervals minus G E RRAVE(k) of that sample position over all the Barker symbol 
intervals. The formula of equation 3 provides an approximation of the variance for each 
sample position. 

[0051] Module 211 would calculate an indication of the variance for a sample position 
with the difference from the 0ERR(m) value that is the greatest distance from the average 
phase error 9 E RRAVE(k) for the sample position. For example in Figure 8, the maximum 
0ERR(ni)-0ERRAVE(b) occurs at T k b2- Thus, module 211 would determine that, for sample 
position b, the variance would be indicated as 0 E RR(T kb 2)-0ERRAVE(b). 

[0052] Referring back to Figure 3, module 211 includes a circular shift register 335 and 
summer 333 for calculating the sum of the values of the phase error signal (0err SUM(k)) for 
each sample position (k) over 16 Barker symbol intervals (I). Each of the 22 shift register 
positions holds a value representing the running value of 0 ERR SUM(k) for one of the sample 
positions. After the phase error signal values for the 16 th Barker symbol interval has been 
added to the running sums for all of the sample positions, switches 337 and 347 are closed 
and switch 384 is opened simultaneously wherein the 0 E rr SUM(k) for each sample position 
is then divided by 16 (the number of Barker symbol intervals) by multiplier 353. 

[0053] Module 211 includes a circular shift register 345 having 22 shift register positions 
for storing the maximum value of 0 E RR(m) (0 E RRMAX(k)) for each sample position. For each 
value of 0ERR(m) provided by module 209, magnitude operator 342 provides the magnitude of 
0ERR(m) to maximum value operator 344 (MAX). Operator 344 compares the magnitude of 
the 0ERR(m) value received from operator 342 with 0 E RRMAX(k) from the first register 
position of register 345 for that sample position and provides the greater of the two values to 
the first register position. 

[0054] Summer 363 adds for each sample position, ©ERRMAX(k) with the negative of the 
magnitude (as provided by magnitude operator 355) of 0 E rr SUM(k)/16 to provide an 
indication of the variance 0 E RRVAR(k) for each sample position. 
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[0055] Variance minimum search module 213 includes an argument of minimum search 
operator that searches the index of the 22 6errVAR(1c) values to determine the sample 
position k m in that provides the minimum value of 9 E RRVAR(k). In the embodiment shown, 
the k min value is the timing signal that is provided to the timing and carrier correction module 
125 (see Figure 1). In such an embodiment, correction module uses the k min to determine that 
the center of a Barker symbol occurs at k min number of sample time intervals from the 
arbitrary first sample position. 

[0056] Carrier error selector 215 receives k m i n from module 213. At this time, switch 383 
is closed to provide the 9 E rr SUM(k) values to selector 215. Selector 215 provides the sum 
value corresponding to k min (9 E rr SUM(k min )) divided by 16 (the number of Barker symbol 
intervals) as the carrier error signal to module 125 (see Figure 1). In one embodiment, 9err 
SUM(k)/16 is scaled to obtain the carrier frequency error by module 125. 

[0057] The modules shown in Figure 3 may be implemented in hardware, or in some 
embodiments, at least some of the modules may be implemented by a processor or processors 
executing code. In one embodiment, the modules of Figure 3 may be implemented in a 
single integrated circuit chip. However, in other embodiments, the modules of Figure 3 may 
implemented in multiple integrated circuit chips or have other configurations. 

[0058] Figure 9 shows an alternative embodiment of timing and carrier error detector 127 
(see Figure 1). For the embodiment of Figure 9, each data packet includes 17 Barker symbols 
(I) occurring in 17 Barker symbol intervals (T). Each Barker signal interval includes 22 
sample positions (k). Detector 901 includes a Barker de-spreader 903 similar to de-spreader 
203 as shown in Figure 3. The Barker de-spread signal BD(m) is outputted from 903 to 
conjugate calculator 905. Conjugate calculator 905 includes a multiplier 941 for multiplying 
the present BD(m) signal with a conjugate of the Barker de-spread signal (BD(m-T)) from a 
sample time one Barker symbol interval earlier as provided by circular shift register 943. 

[0059] The output of calculator 905 is provided to an polarity information remover 907 
which adjusts the output of calculator 905 for the differences in polarity of the Barker 
symbols. Remover 907 includes 2-DPSK (differential phase shift keying) recovery module 
945 that, in one embodiment, determines whether the real part (I(m)) of the output of 
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calculator 905 is positive or negative and then provides a +1 to multiplier 947 if positive and 
a -1 to multiplier 947 if negative. 

[0060] The output of phase remover 907 is provided to angle calculator 907 to obtain the 
phase angle of the output of 907. The output of calculator 909 is the phase error signal 
9 E RR(m) signal of signal BD(m). 

[0061] Detector 901 includes a variance and average calculation model 911. Module 911 
provides an indication of the variance 9errVAR(1c) according to equation 4 below: 



(4) 6 ERR VAR{k) = £ 0 2 ERR (n22 + fc)-y 



]T6^(n22 + *)|] 

,n=0 J 



2 



n=0 

[0062] Equation 4 is a mathematical equivalent of the equation for 6 ERR VAR(k) of 
equation 2 above. Equations 2 and 4 provide an accurate measure of the variance of 9 ERR 
whereas equation 3 provides an approximation. For module 911,1= 16. 

[0063] Module 911 includes a circular shift register 919 and summer 916 for calculating 
the sum of the values for the phase error signal (9err SUM(k)) for each sample position (k) 
over 16 Barker symbol intervals (I). Each of the 22 shift register positions holds a value 
representing the running value of 9 E rr SUM(k) for one of the sample positions. After the 
phase error signal values for the 16 th Barker symbol interval has been added to the running 
sums for all of the sample positions, switches 923 and 931 are closed and switch 941 is 
opened simultaneously wherein the values of 9err SUM(k) are provided to squared 
magnitude operator 918. 

[0064] Module 911 includes a squared magnitude operator 913, summer 914, and a 
circular shift register 921 for calculating for each sample position (k), the sum of the squared 
0ERR(m) values (9 E rr SSUM(k)) over 16 Barker symbol intervals. 

[0065] After the phase error signal values for the 16 th Barker symbol intervals has been 
provided to module 911 and switches 923 and 931 are closed, summer 929, for each sample 
position, subtracts the square of 9 E rr SUM(k) divided by 16 (by multiplier 927) from 9 ERR 
SSUM(k) to obtain 0 ERR VAR(k) for each sample position. 
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[0066] Variance minimum search module 933 includes an argument of minimum operator 
that searches the index of the 16 0 E RRVAR(k) values to determine the sample position k min 
that provides the minimum value 0 ERR VAR(k). 

[0067] Carrier error selector 934 receives k min from module 933. At this time, switch 940 
is closed to provide the 0 E RRSUM(k) values to selector 934. Selector 934 provides the sum 
value corresponding to k min (0ERRSUM(k min )) divided by 16 (the number of Barker symbol 
intervals) as the carrier error signal to module 125 (see Figurel). In one embodiment, 
0ERRSUM(k)/16 is scaled to obtain the carrier frequency error. 

[0068] The modules shown in Figure 9 may be implemented in hardware, or in some 
embodiments, at least some of the modules may be implemented by a processor or processors 
executing code. In one embodiment, the modules of Figure 9 may be implemented in a 
single integrated circuit chip. However, in other embodiments, the modules of Figure 9 may 
implemented in multiple integrated circuit chips or have other configurations. 

[0069] In other embodiments, the timing and error detector module may have other 
configurations. For example, a timing and error detector may includes modules for 
generating an indication of variance of a sample position that is a mathematical equivalent to 
either that set forth in equation 3 or equation 4 above. Furthermore, other timing and error 
detector modules may include other configurations for generating a phase error signal. Still in 
other configurations, a timing and error detector module may generate a timing signal using 
other types of phase information of a correlated signal. In modification of the module 901, 
module 211 may be implemented in place of module 91 1 or 0err(iti) may be generated by the 
modules (205, 207, and 209) set forth in Figure 3. In a modification of Figure 3, module 911 
may be implemented in place of module 21 1 or 0ERR(m) may be generated by the modules 
(905, 907, and 909) set forth in Figure 9. In other embodiments, the timing and carrier 
detection and correction modules described herein may be used in other types of 
communication receivers (e.g. for receivers for wired networks). 

[0070] In one embodiment, a method for generating a timing signal in a communication 
receiver includes generating a correlated signal from a received signal, deriving phase 
information of the correlated signal, and generating a timing signal using the phase 
information. 
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[0071] In another embodiment, a communication receiver includes means for generating a 
correlated signal from a received signal, means for generating a phase error signal from the 
correlated signal, and means for generating a timing signal from the phase error signal. 

[0072] In another embodiment, a timing detector for a communication receiver includes a 
correlator coupled to receive a received signal. The correlator correlates the received signal to 
produce a correlated signal. The receiver includes a phase information module coupled to 
receive the correlated signal. The phase information module derives phase information of the 
correlated signal. The receiver further includes a timing signal module coupled to receive the 
phase information. The timing signal module provides a timing signal. The timing signal 
module generates the timing signal using the phase information. 

[0073] While particular embodiments of the present invention have been shown and 
described, it will be recognized to those skilled in the art that, based upon the teachings 
herein, further changes and modifications may be made without departing from this invention 
and its broader aspects, and thus, the appended claims are to encompass within their scope all 
such changes and modifications as are within the true spirit and scope of this invention. 
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